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This environmental unit is one of. a series designed 
for integration within an existing curriculum. The unit is 
self-contained and requires very little teacher preparation. The 
philosophy of this series is based on an experience-oriented process 
that encourages self-paced independent student work. In this unit, 
sti'dents explore possible explanations for diversity within 
populations. The activities are divided into two sections, the first 
being concerned with the human populations, and the second with seed 
populations, students are asked to make observations of variability 
in physical characteristics of classmates and to develop hereditary 
patterns by constructing a family tree. Observations of physical 
characteristics of seeds and their distribution are also included. 
This unit is designed for students in grades Jl-g. It includes a list 
of materials needed, background teacher information, directions, 
additional topics, and short teacher and student bibliographies. 
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I)vsi|>n and lihistraliotis h> 
JAN Bl YIJ R 

Genetic Variation introduces children to some possible ex- 
planations for diversity in the biological world. As an outgrov^th 
of the activities in this unit, the students will be able--and 
should be encouraged- to develop their own explanations for 
this diversity. 

Your role will be to guide the students' reasoning, when 
necessary, and to provide a classroom climate which is condu- 
cive to student speculation. In fact, a major tT-nphasis th jugh- 
out the unit is speculation, because many of 'he questions the 
students explore have no answers which are a^.eed on by every- 
one in the scientific community. 

Although Genetic Variation might bt considered a science 
unit, many of the activities relate to problems in social studies, 
while others would be appropriate for use in a mathematics cur- 
riculum. The possibilities are limited only by your imagination 
and interest. Everything in our environment relates to every- 
thing else, and the activities of this unit are no exception. 
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INTRODUCTiON 



In the iy sections ot Genetic Variation, the students will study thorn 
selves and their peers. They will do this while collectin^^ data on a single 
population variation ones tonque-rolling ability. The later sections of this 
unit deal with the variation in the physical properties of several seed popu- 
laiions. And. in the finai section, the students will consolidate their data by 
.ccneralizine about their experiences m the unit. 

instead of tying ail the ideas together for theni with a summary state- 
ment, let the students make their own conclusions at their own pace. The 
storv. • Jehannson and the Bean Seeds/* will provide a finai opportunity for 
speculation. Although written in a light tone, the story is intended to offer 
data for discussion m a context which the students will understand. 

A minimurii of three weeks should be sp.-^nt to cover the material in this 
unit. (This time estimate assumes that an a 'erape of ninety minutes per 
week will be devoted to the activities.) As you read through this unit, though, 
try to envision some cross-curriculum applications of the activities, and, 
where appropriate, point these out to the students. The unit cojid be a 
launching pad for ir.vestigaiions and discoveries in many other fi'^lds , . . 
toecause ail things vary, and everything relates. 



MATERIALS 



grid paper 
pan balances 
centimeier rulers 
field com (1 lb.) 
Great IMorthcrn heans, 



two grades {1 lb. each) 



number one and number 



lima beans (1 ib.) 
pinto beans (1 Ib.) 
red kidney beans (1 Ib.) 
dried peas, unsplit (1 ib.) 
castor beans (1 lb,) 

any other dried vegetables (1 lb. each) 
paper sacks (1 dozen) 
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Genetic Variation 



HuinaiA Populations 

Ta. *i stihiont \n vour l.is<, dif^orent from ovory 
ot^^t^r r^^»^ Th* v h,v.»-^ d ^foret-^t porsonahtios: th\-y 
v,iJv ^n^^n',N-nro and thev pro^ont a variety ot 

ran.N* -^f !t do^"»s not sonso to spoak of 

3 *'t\P'^ al ^tUi ^^ It ran niono s^^r^so to spoak of a 
^^t\p5 a! group 0^ rhildron." 




But how does one describe a group of dissimilar 
individuals^ Scientists have been concerned with 
this question for a long time, because no two speci- 
mens they find and no two measurements they make 
are comph^teiy alike AH things exhibit variation. 
Of course, it the differences are very small, such as 
those amonr, ^^rams of rice in a bowl, it is easy to 
ignore the differenres altogether and think that the 
grams arv really alike. But even the smallest differ- 
ences can be examined closely. The variations that 
are foiind may reveal unsuspected and important 
information. 



In seU > hn;:: a rroup of dissimilar individuals for 
study, one usuaiu ha^ in mind sorne thinps the in> 
dividuaK have m rnmmon. AH the students in your 
class are at the same prade level for example, and 
all the grains in the bowl were rice jprams. Once this 
is recorni?od. one can turn to the differences among 
the members of a proup. or, more specifically, the 
traits which show variation. It i^ easy to describe a 
trait which varies within a H'oup. For example, if the 
students' height is of interest simpiv list the heigi^t 
measurement of each student: that list wiM consti- 
tute a description of the varvinp trait. If the weight 
of the grains of rice is of interest, fjive the weight of 
each grain. In renewal then, to describe a trait which 
varies among me.ebers of a group, list the measure 
of that trait for each mdividual in the group. Since 
iho group corisisis oi individtmls. Ihe description 
o/ Ihe group is the description oi alt iht^ individuals 
in it. 

Here, for instance, is a table of data for a first 
grade class: 







No. in 


Height 


Weight 


Birth 


Name 


Sex 


Famiiy 


(inches) 


(pounds) (month) 


John 


M 


2 


46 


48 


Apr, 


Mary F. 


F 


I 


40 


41 


Jun, 


James 


M 


3 


45 


46 


Oct. 


Richard 


M 


2 


44 


48 


Jun> 


Joan 




2 


41 


40 


Mar. 


Alice 


F 


1 


51 


54 


Aug. 


Frances 


F 


3 


46 


49 


Feb. 


Kevin 




6 


47 


42 


Mar. 


Toms. 


M 


2 


49 


47 


Oct. 


Linda 


F 


1 


42 


40 


Apr. 


Barbara 


F 


4 


42 


46 


Jan. 


Ruth 


F 


3 


50 


53 


Jul. 


David 


M 


1 


41 


41 


Feb. 


Mary P. 


F 


2 


50 


51 


Apr. 


Tom A. 


M 


2 


46 


48 


Dec. 


Robert 


M 


3 


43 


45 


Apr. 


Michael 


M 


1 


4: 


46 


Mar. 


Martha 


F 


3 


46 


45 


Mar. 


Peter 


M 


4 


52 


51 


Jan. 


Betsy 


F 


2 


46 


53 


Oct, 



There may be circumstances under which it would 
be important to know if this class is ^'typicaP*— does 
it show variation topical of a first grade class? There 
are ten boys and ten girls As far is sex distribution 
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thoro .n^ ^ ^ n,^'- >^ Kiu n v<^n .iro from f3mi> 
lu*^s A^t^ t.»o rH«'virrn. fr^p nrr from Ir^milios with 
throo *,vo ,iro irom f.iM^ I A^t^l four, and ono is 
fiom n «K .Mth stx rhiirir<^n To find whether this 
distribution is ^^t\r5Cnr\ ono has to consult ronsus 
d.jta for n Inr.y^r popul.it^on Noto thnt in makinjj 
th^^so summ.-^rios hnvo nioroSv counted the stu^ 
dr^nts in (Mch (Mto^ory, (i:srrf::^rdmg the nnmes of 
the ohUdron and all thoir other characteristics. This 
is the Simplest kind of analysis. The results can be 
displayed m histograms rjaphs with a cross drawn 
for each child. 




The height and weight data can be treated in the 
same way. 
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vaneJ. niakmp, r onoraiirations riiffirult It is helpful 
m such a case to hooso the weic> v lues in a 
ranp,e of several puunris. For instance. 43^45 pounds 
could be used as a category along one a><is. For this 
sample, the results cluster in the intervals from 40- 
4? pounds and 4f>48 pounds. 
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X 






4 


X 




X 






3 


y 




X 


X 


X 


2 
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X 
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4648 


49*51 


5254 



WEIGHT IN POUNDS 



This graph does not give a very complete picture. 
hoy^ever. because the w::^ights of the children are so 



Charles Darwin*s study ol variation in plants and 
animals led him to propose the mechanism of na- 
tural selection to account for the evolution and 
origin of species. This theory proposes that the vari- 
ation of characteristics within one species living in 
a particular environment will allov^ some individuals 
in that species to survive better and reproduce more 
than other individuals of that species. But those 
other, less suited individuals may be more effectively 
adapted to life in an environment different from the 
0 e they are living in, H a change occurs, altering 
conditions of the first environment so that the new 
conditions are more favorable to the previously less- 
suited individuals, then that portion of the popula- 
tion that was originally doing well will probably have 
to alter and become more hke the newly flourishing 
mdividuals. In succeeding generations, r>^ore and 
more of the animals or plants will exhibit the traits 
which became advantageous to living in their en- 
vironment. Eventually the "typical" member of the 
species may be quite different from the "typical" 
member of the species before the tmvironmental 
change. One can say. therefore, that variation is the 
■'raw matenaP' ot evolution- the selection process 
operates on a pooulation of differing organisms. 
Variation ^s, therefore, a very significant property of 
populations/ 

^Pms u4 thu, hjvc b*:x:iy reprinted wtth porrriissii>n from 
V^^fu^tion jnd MiK^surcmcnt 7o*JC/)C/ s M^^nudi v*nttcn and 
pubhshed by the Science Curnrulum Improvement Study. 
Berkeley, Copyr^^ht 1%4 t:>y the Regents <?f the University 
of Cahtorou-j, 
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I. Variability in Physical Characterisiics 
A. Vdfiation among Class Members 

> 5-)vs J* f : I' ttis. Iwt's .is rroijp This 

A*^ h I .. f, v.ariiu to t^^^ Th.o obj»^rt ot this 
, . X ! /;.# sx x-^ ^* rvjrvKiw.l! ha , m,rKl 

• ! u'-l }^»» p»»r*. .:N:hl- ,in |\irt: .jxints'* hy 

J !i^ts! ;s th» •^r.strr; p^^rson In pLlMnc thr 
r.v^^o th»^ ^ !uvl»^?^ts vn^o ?:v^ro .iwaro of sonio Of 
t^n^ phvs^^^l ;,uMhih!, ,%[vrh ovists nmonj; thn 
!jss M I *M ' r% (V ; OiH<o, this vnnot^ cbvious 
to u^u pr to tht> stufi^^nts. hut tt>ov may 

n.'Vi^r h:K»^ .t.s n ^^d st in n fom^inl sonsp Tho 
nMj^H id» J th»^ stiuj>'nts to ^rnsp is th,it no 

as jnvono r/s*^ This concept is applicabie to every 
species HMn ,1o \ ar^^ort .1 ro*^<\ or (\lk trr»^, 
Dos^^nb.nt: »i rroup is .in nrtivitv Similar to that 
d'^srnb ^ndiv^dunls. hut tho description must 
bo suffiriortly t^rnr'rn! to mclule 3II the individuals 
m the i.70iip Tivs is not <in ensy task since each 
cham^^tf^r^vttv^ rhnson vvul be represented by a 
ranqe of values, rather than by a smRle vaUie Thus, 
if tho rlass d**sfribed height, each ;ndividuars 
he^j^fit Aould h»^ve to be ^;;ven. Tfie description of a 
i^roup niust thr tl*^s* r ptti^n uf ^ili tin' H^divid'jals 
in it. 

Ask the students to begm their Rroup description 
With these ide^is in mmd. Restrict the descriptions 
to observable phy:?jca! characteristics, avoiding, for 
example, intelligence or personality HeiRht. weight, 
shoe si?e. hair color and texture, and eye color are 
some of the traits v^^hich can be described. 

The class may construct a chart like the ones on 
page 6 hstmr the characteristics and the values 
found for each studei t Most of the students v^il! 
know their approximate height and weight if they 
are unsure, ti^oy can take n^easurements or they 
may check with the office or nurse to obtain the 
information. 

When the charts are complete, you will want to 
discuss them with the class, 

ASK THE STUDENTS: 

What do the charts seem to reveal about the 
class? For the characteristics chosen, are c^y two 
students exactly alike? 

Through discussion, it should become obvious that 
ail children are not identical, even though they may 
have similar characteristics. Even identical twins, 
while sharing many traits, are not exactly a!ike> 

O 6 
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Most of the characteristics described by the class 
will net be permanent characteristics— in other 
woriJs. they v*'iM change with age. Normally, varia- 
tion withm a species is studied only m a mature 
population. Since it would be unreasonable to ex- 
pect students to gather sufficient data on variation 
in mature hurnan populations, they will have to 
pursue their study of continuous variation in the 
second major section of this unit. * Seed Popula- 
tions," by substituting seeds for people. 

6. Variation in the Ability to Roil C a*s Tongue 

The characteristics examined so far are variable 
over a rather wide range of values, as the class 
charts indicate. To provide contrast, the students 
w\\ now examine tongue rolling^ a characteristic 
which does not range in value, but is either present 
or absent in the population. The mechanism of in- 
heritance of this trait is less complex than t.iose 
previously examined. The appearance of this trait 
IS determined by the presence of a single dominant 
gene rather than by many genes, 

*The tongue is roHed lengthwise, with the sides turning 
upward 
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students ,',<\\ firvl thoy nro either capable of roll- 
ing tho.r ton,»;ii»'?. or mcapablo of doin^ it. There is 
no mtprmrdsato ability, and it cannot be learned 
tt«roii^;h p.-.-^rtice, (Note- Physical characteristics 
lackme rncasur.ible intermediate values seem to 
be the exception rather than the rule in terms of 
biological variation. The reason for devoting time to 
studying one of these traits is simply to provide 
contrast for other investigations. The significance 
of this contrast will be further developed in later 
sections of this unit.) 

Start th!« ;ict!V'ty hv as><ing how many class 
members are abie to roll their tongues. Some will 
know what you mean immediately, others will need 
a demonstration. If you cannot do it. ask a student 
who can to demonstrate Some students may have 
difficulty in rolling their tongues. These children 
are probably the ones who are unable to move the 
proper musries 

Allow the class =5 sufficient amount of time for 
experimentation; then count the number of children 
who can roll thnr tongues If some of the students 
who are unable to roll their tongues feel that prac- 
tice will help, let them do so for a while. You may 
have to tell them that practice will not affect their 
performance. 

Discuss with them the possibility o^ conducting a 
school-wide survey to discover something about the 
occurrence of tongue rolling among the rest of the 
students. 

ASK THE STUDENTS: 

What might be learned if such a survey were to 
be conducted? How many students will be able to 
roll their tongues? Of what value might it be to collect 
additional data? Have any of you conducted sur- 
veys before? Are you familiar with any of the na- 

o 
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tional surveys and polls? If so, what do you think 
such canvasses accomplish and how are they made? 

Taking the School Survey 

«n taking a school survey, ask the cooperation 
of the other teachers and of your principal. Select a 
specific time so that ttie students do not cause any 
interruptions Developing specific procedures for 
the survey-takers will mmimi/e the amount of time 
spent in each class. 

Surveys are a means of sampling the population. 
There are rather firm mathematical procedures for 
selecting a sample to msurp its rando n gture, but 
vo!" shouldn't expect your class to use these tech- 
niques. You may wish, however, to discuss some o. 
the reasons for systematic rather than haphazard 
sampling. For the purpose of this survey, your class 
is ttie sample and the school ib the population. 
Additional ideas of samples and populations will be 
discussed later in the unit. 

Before beginning the survey, you might want to 
ask the students to predict what their findings will 
be, Ttiey can use the findings of their own class as 
a basis for their piedictions. After the completion 
of the survey, compere the class predictions with 
the data they've gathered. This would be a good 
time to discuss the validity of using the class as a 
sample of the school population. 

It is advisable for tt-.e students to keep records 
of the information they collect. Encourage them to 
make notebooks and rnter all data in them. Record- 
keeping is rs much a part of the process o* science 
as is experimentation or measurement. Accuracy is 
also important. If information is recorded correctly, 
fewer arguments will result when it is discussed. 
Talk with the students about these ideas. It is im- 
portant that they perceive record-keeping as a very 
significant part of these environmental activities. 

A. The Survey 

Befo.e the students determine how they will con- 
duct their survey, they will need to understand 
something about populations and samples. You can 
begin this section by asking them if they think 
there will be as many people in each ciass surveyed 
who are able to roll their tongues as there are in 
their own clasi. After a brief discussion of this 
question, ask them to consider: 

If you were to conduct a survey to determine the 
height of the average American adult male, which of 
the following groups would you choose for your 
survey and why? 

1. Basketball players 

2. Your own fathers 

3. Jockeys 




7 



on tlie Jv<^r.h:o, far tMkr than most n The othv^ 

of the popuK^tiorr thov arr^ in3doqu,it»» for survry 
purposes bJriv tncv 'oprosont the iwlrtntieb. Fathers 
are probablv the most rt^presentattve of th.-^ th^eo 
Could all thrtM^ poups bo used lor cort«nn typ;^< 
of f^urvpvs-^ 




Relate these ideas to the survey the class is about 
to conduct. The students have already made a sur- 
vey of their o vn ciass. If they think of their own 
clasb as a san^ple. and if. as a group, they are 
representative ol the school population, ask what 
results they couli expect to obtain through the 
school survey? ThiS is a good time to nave each 
student make his orediction of the results anc 
record it m his notebook. Now return to a con- 
sideration of the survty. 

The students must first determine if they wish 
to poll the entire school 

ASK THE STUDENTS: 

What are some of the problems you will face in 
making a poH of the entire school? How will you 
collect your information? Co^ild you develop some 
kind of chart or survey form so that each student 



involved in collecting data does so in an orderly 
fashion? How will you approach teachers and enter 
their classrooms in a way which will not be disrupt 
tive? Should vou first speak with the principal? 

The class should consider all of these questions 
before they bepm School policy must bo checked, 
especially if the students nre to proceed unaccom- 
pan ed throughout the school 

Developing the survey forr^n should not be diffi- 
cult. There must be a place on the form for each 
studer^t polled, A separate form for each class in 
the school can be prepared and distributed to your 
students, who, in turn, can take one form around to 
each class to be surveyed. The survey form for each 
class needs only basic information: 
(Note: Beiovv are sample survey forms. Blank copies 
are provided in the bick of the book so that you can 
duplicate them for your students,) 




When the survey is completed, the results should 
be tallied pnd discussed in class. 

6« Discussion 

After the whole school has been surveyed, and 
results tabulated, examine these results with the 
class. How many students could roll their tongues? 
How many could not? It would be helpful if the 
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class rcuUl iop>» t^u- iiM^ into por( ontai^.os, Ro- 
suits oxpM^ss^ ^ .Is p«'r» rr\ta>:rs will onablo thrm to 
more easiK compare class results with thos*^ of 
the entire school Percentaj;es could th^n be put 
into graph form 

One source of information states that 7 ou! of 10 
people are able to roll their tongues, or, 70% the 
total world population If the class is a r^presenta*^ 
live sample of the population then, approximately 
70^0 shoulo be able to roll their tongues, 

ASK THE STUDENTS : 

How did the ciass predictions compare with the 
actual result!^ of the survey? Was our own class a 
representative sample of the school population? 
Were any classes found to be more representative 
than others? Was the total school population any 
more representative of the total world population 
than our class was? Why? 

III. Developing Hereditary Patterns 

The children have compared and discussed the 
incidence of tongue-rolling among themselves and 
throughout the school. In this section they vwiil 
gather additional data at home. Parents^ brothers, 
sisters, and grandparents if possible, will be sur- 
veyed, «ind family ''trees" or pedigrees will be con- 
structed to discover something of the inheritance 
pattern of the trait The more complete the informa- 
tion each child is able to gather about his family, 
the easier it will be to understand why he himsel^ 
does or does not exhibit the tongue-rolling trait. 

The point of the section is to uncover the notion 
that characteristics are inherited rather than to de- 
velop a detailed genetic theory of inheritance. While 
the class will wvork ^.vith some simplified techniques 
for depicting possible means of inheriting the trait, 
these methods should not be stressed at this time. 

If the students have worked with matrices in 
mathematics, they should be familiar with the use 
of grids A d IS a useful device for shovving pos- 
sible types of inheritance, A sample follows. 
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Ont^ importiint point to on^pl^asi/n is that v^ich 
tKiti Ot contnhutvs ono prnr for e;^.rh ch:^r;:^cter- 
t<;tt( to <\H h oft:<prinq The ( ontrihutmg pjMies in 
the of tnnr,iie rolim,i: may bo cMfh'^r domiOt^nt 
(T^ or rrcessivo (tV If there is one lar^^e T pene, it 
will control thi> r^i,inifo station of the trait. That is. 
while the of^spnn^; may have both a lar^^e and 
small T, tis in \hv rnse above, they will still be able 
t(. roll tht>ir toni^iios hecnuse \Uv large T wiM domi* 
nate tt>e small one. This explains why large T has 
been termed ''riominant" it dominates smoU t> As 
c^n be seen in the ^^nd, the mother has only re- 
cessive genes for tongue rolhng. She *:as no domi- 
nant tongue^rolling genes, and she cannot, thei^e- 
fore, roll her tongue The father can roll his tongue 
and contributes only dominant genes. Therefore, 
all of the children can roll their tongues (each 
possesses a dominant gene). 

Suppose one of the children, a "Tt,'' married 
someone who could not roll his or her tongue. The 
grid depicting the cross between these two would 
be: 



FATHER 




In this instance, two of the offspring are tongue 
rollers, two are not. This is a one-to-one (1:1) ratio. 
Should one of the children, a Tt, marry another Tt, 
the odds would be that three offspring would be 
rollers and one would not, yielding a three to one 
ratio: 
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ThoM' }5rr; iujjr),*^ iUkK ^how throo of five pos~ 
sibie vros->os or !j,ntruis illustrating the inhen- 
tance of the ton*;ue roii^ng trait. But much of the 
AOrkinL;s of the actual process of inheritance has 
boon loft unsaid. In t))C first piace. not all families 
produce four offspring Even if each did» it is pos- 
sible that not all thooreiical types would appear. 
For example, m tfie case of the last cross (Tt with 
Tt) tour children m\^hx be produced, all of whom 
coufd roll their tongues. The theoretical cross, a 
three to one ratio, merely states that for every four 
rhildron produced the possibility is that three will 
be rollers, and one will not. Taking this further, six 
out of ei,>;ht children should be rollers in such a 
cross. But. !f the first four children born were 
rollers, the three to one ratio would not appear to 
hold. It migfu take twelve or sixteen children before 
the ratio appeared to take hold, 

Inhentanro is rarely so simple a matter as 
straight dominance versus recessiveness. In some 
cases a ' dommant" gene appearing with a reces- 
sive for a particular trait will "combine*' with the 
Kcessive to produce an intermediate type. But this 
Situation, which is referred to as incomplete domi- 
nance, does not anse with tongue rollmg. 

By necessity this discussion has been brief, {Refer 
to the bibho»;raphy for a more thorough treatment 
of the ^ubjo,^t of simpK^ Mendeiian inheritance.) 
But wh.^t hvj*^ been discussed may be related to 
the family trees the children will make, it is pos- 
sible to theorize about the genes of the parents and 
the children and to construct grids to illustrate the 
pattern in a <;ingle family. Children may in%r from 
pedigree patterns who has what genes. 

These activities should be interesting to the class 
because they deal with something about the stu- 
dents themselves. The extent to which you pursue 
the grid activities will depend upon the students' 
interest and understanding. Rather than stressing 
the science of genetics, you should emphasize the 
fact that characteristics are inherited. Something of 
how this occurs can be learned through constructing 
a pattern of inheritance— the family *'tree/* 

Encourage the students to seek their ov»/n an- 
swers to the discussion questions, providing only 
information you are certain they cannot possibly 
have g< med through past experience. 

A. The family Trees 

Each student should first ask his parents if they 
are able to roil their tongues. Then brothers and 
sisters should be included. If your students can 
question their uncles, aunts, or grandparents this 
also would be helpful. 

When each class member has the information, he 
may begin to construct his family tree or ancestry. 
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Below is an example of one such possible tree. 
With grandparents and uncles from one side of the 
family also shown. 

First Step 
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The circles represent women, the squares men, 
the darkened symbols indicate tongue rollers and 
the undarkened indicate non-rollers. The symbols 
are those conventionally employed by geneticists, 
but you might want to recommend others to the 
students. This '*tree" depicts three generations. 
IVlost of the family members can roll their tongues, 
but two cannot. 

When each member completes his chart as best 
he can, display it for the entire class. Are there any 
families with all members unable to roll their 
tongues? Or, are there any in which every individual 
can do it? These are the two extremes. It is more 
likely that a mixture v oe found within most 
families. 

Ask the students if tongue rolling among class 
members seems to depend on whether or not the 
parents are able to roil their tongues. It may take 
some further discussion in order for the students 
to agree mong themselves that *V^s" is the answer. 
Since this is SO. something must be passed from 
parent to child which determines the child's 
characteristics. 

How does each child explain the differences 
among the children in his family? In other words, 
how does he explain that he might be able to roll 
his tongue, but his brother cannot? If both parents 
exhibit the tongue rolling trait does it follow that 
all the children will exhibit it? Here, the answer 
should be '*no," How can students account for the 
variations? Ask them if it is possible that something 
is happening which is. in effect, unseen? 

Select a single ancestry or line of ancestors of 
one student to illustrate a discussion of this last 
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qu^^stiOrt N.n; a 1! Aani \ho studoni^^ to boRin to 
nt»-r f?0'*' '.i^n*^ ot \\\v iM^no tvpos Ahtrh 

. roatp tt^- }Mttorn In onivr to mako such intor- 
on:os t*^t-» will nood to know 5;omo of tho bark- 
r.round ntorttiation pfosontod oarlior in this section. 
Tho stiixl^^nts will ospocuiily noori to be aA\ife that 
the tmt ot tongue roiling ability is dominant and 
that th:s dominance is represented by a capita! T. 
Beijm bv selecting, as a discussion example, an 
ancestr\ in Ahich one parent cannot roll his tongue. 
Us nj, the s\mbols you have developed, draw the 
parental condition on the board. 

Above ea^^h svmbol. describe the trait of each 
parent as follows: male. "Tongue does roll" (use a 
capital TK^ fomal'\ ' tongue does not roii" (t). 

Tongut^ (fVMiiiM does roll tongue (female) does 

not roil 

■ O 

Then, suggest to the class that tnstead of writing 
this information out, there may be a simpler way to 
represent the data Erasi the descriptions and re- 
place them with a capital T and a small t to indi^ 
cate the condition. Make sure that eacn student 
understands the r>ieaning ot the new symbols. 
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Refer back to the idea of parents **passing on'* 
something to the children. Allow T and t to stand 
for that *'unseen something'' which is transnitted. 
in other words, the father (T) can roll his tongue 
and the rtiother (t) cannot, and they have a child 
(the student) who receives one gene from each 
parent. What would the child of these parents re- 
ceive? Hopefully the children will respond with 
"both T and t." {Remember, the picture is not com- 
plete as yet.) Now, if this is the case* ask if this 
child would be able to roll his tongue. If some say 
yes. inquire why they think so. 

The proof, of course, resides with the child whose 
pedigree .s under discussion. Suppose that that 
child cannot roil his tongue or perhaps a hrother 
or sister cannot, while one « che siblings can. This 
wojld appear to contradict the i^bove reasoning. 
Re-examme the pedigree and assign initials to it 
as follows, {assummg there are three children in 
the family): 



T 




Tt ? Tt 

H( . only hvo out of three children exhibit the 
trait How can this be explained? Two letters are 
assigns d to the children, but only one to each 
parent. Ask if fiere might be something not in^ 
eluded as yet which ought to be considered. How 
can rwvo letterf, be assigned to parents with some 
certainty that they are the correct two? 

First, observe the mother. Ask if it is possible for 
her to **carrv'' l«rge T but stil! not be able to roll 
her tongue This cannot be the case, because when- 
ever the large T appears, the individual can roll 
his tongue. Ask then what the only alternative 
would be. *^opefullv. the students will realize that 
there n.ust be two small t's. The father's type pre- 
sents a mote con^plicated situation. At this point 
you rnay wi>h to introduce the gr d and indicate 
how it can be of i^sc. 




The class can be certain of the mother's type and 
of the type of the three offspring. Complete the 
gnd for the known types, explaining how it is done. 
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It r>to!fn r \ f.pi^ is tt .uuJ sho cannot roil her 
ton.:ur, V^v\^ onr Wu^ must also be tt 

bov^ujso one of tlu^m, according to the pedigroc. 
cannot roll hiS. Ask: From whor^i does this other 
s^n.iU \ co'th^'^ Coul I :t th:^\ \ho fathrr^s type 
IS Tt, .1^ ai*' ttio tvpi'S of his i hiidron? Replace the 
question n\irk with a small t. and see what crosses 
now result Tag of the cnildren, theoretically, will 
he tt and un,^b!e to roll th^ir tongues. Does this 
c^nalvsis holp to ^^vplam the pedigree? 

Examine other ped}:.;r(M^s m iTiuch the same way 
to se^^ if tfie studrnts can arrive at the possible 
4;enetic tvp<^s of Uieir parents and themselves. 
Some of the students might want to further expand 
the mfornKinon m their line o! ancestry charts. The 
example belOA is a completed version of the chart 
c.n paje HI 




TT 

(or Tt) 



o 



tt 



Tt Tt Tt 




It 



tt Tt Tt TT 

(or TT) (or TT) {or Tt) 



B. Discussion 



What can novv be said of the activities to date? 
Review the following points m discussion: 

1. People can be described m terms of physical 
characteristics, 

2. If measured, these characteristics are found 
to vary ^ror^i person to person. 

3. Some characteristics are either present o* 
absent m a population. 

4. The population may be surveyed and some 
estimate of the incidence of the characteristics 
can be obtained, 

5. What IS true about the population may not 
be true of the sample. 

6. Certain characteristics are inherited. 

7. it is possible to discover some of the history 
of an inherited characteristic through examin- 
ing several generations. 

The next set of activities will provide the children 
with a contrasting situation in wtiicii indeterminate 
variation is studied. 



Seed Fopislatlons 

L Observing and Measuring 
Physical Characteristics of Seeds 

So far, students have observed both wide rang- 
ing and limited variation in human physical char- 
acteristics. Height and weight were examples of 
continuous variation, whereas tongue rolling is an 
example of limited variation^it is a variation found 
to be either present or absent in an individual 
population. It would seem that the characteristics 
having significance in terms of the evolution of 
new plant and animal forms are those which vary 
widely rather than those whose variation is limited. 

Seeds are chosen for this next study because 
they are easily obtainable, exhibit great variation, 
and are available in many species. 

While there is little comparison between man 
and seed, measuring and graphing the heights ot a 
representative group of adult males will yield about 
the same shape graph as that of the weights of a 
sample of corn seeds. Both graphs might appear 
similar to the one below: 




Weight of Seeds 



This is a normal or frequency distribution curve. 
Its bell shape is the same as a frequency distribu- 
tion curve of intelligence. 

Thus, the objects of study are not important 
What is important is the fact that ali biological 
species exhibit a simiiarity in the frequei^cy distri- 
bution of certain characteristics. 

In beginning this section, the students may be- 
come bewildered by what seems to be an abrupt 
change of pace. Seed^ might appear to have little to 
do with the preceding activities. Explain that you 
wish them to describe their seeds much as they de- 
scribed themselves in the section ''Human Popu- 
lations.'' (You might also tell them that they will 
return to their discussion of tongue-rolling after 
they have finished with the seed study.) 
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8£ST COPY AV^BU 



Thi* . r^.t J thp. V, . t on aHi bo to re ntro- 

vi.K »^ t*^' xv-^ » * variation t^ rour^h tf^o ^^ti^iv 

s, r^^^v^'*^ ^•^"p'*^'tM^s soeds c^nd, to mlrcduro 

th. measurement. Bf^toro thr *^tu;lrnts 

•i-»W^uro !^^»; — -^rK, t^'»\ A^^^ ox.mimo thom for 




A* Seed Measurements 




Distr^ni!>' J hand ul of seeds to each student, 
orn: t>p*/ rn r -tudrnu T*y to avoai distributing more 
than thrfM iMch variety throughout the 

cUsS- H?.t tu^r san\^nis spread the seeds out on 
their & ^Us VT tables for ot)servation. !f the children 
have slante(i d»^sk tops, sui^p.est that they arrange 
thf^ seeds aho.e book ed*:e to prevent them from 



eHI no. i'n!o tt^r Also iiNve one of t^lch k nd of 

<t Hi to ^t.:de'M tK>^ . one krtne! rn?p. onc^ 

of is'^rli st?e ot Giejt NvMthern iMs^n, one hma bean, 
et^\^ :3nn tnive th»ere ki^^p the seeds m a sepaiJte 
(^d*^ on the^r de<k. 

To st;ntui3t»^ hsrrvntion, the students n\iv wish 
to plav ca*^ e n^ lar to the description jMme m 
the section ^^Human P nilations" On separate 
sheets of paper, have \teh student describe his 
handful of ♦^eeds which are all ahke. Have the class 
write do-vn observable properties. Remmd the stu- 
dents that tl^e object c l the p,ame is to avoid con- 
fu^unp another person .vho niipht read the list or 
description. They should strive to write the most 
complete description they can for immediate iden- 
tification. When they liave finished with their de- 
scriptions a*>k thom to wr!tc their names on the 
back of ttieir papers and pjsb them to the front of 
the class Then re-d^str;bute the hsts to the stu- 
dents so that no onr receives his own paper. By 
reading the de cnpt^o^ they now have, and refer^ 
ring to the^r pde of assorted seeds, they should 
try to determmf^ which seed their sheet describes. 
After everyone has had tinie to work on this ques- 
tion, each student can check with the person who 
wrote the description to see if he was able to de- 
termme the seed which the paper really attempted 
to describe. You can have several exchanges of this 
sort, since there will be a number of different types 
of seeds distributed 

After this a^^tivitv, * Cich student will need to take 
a ^Moser lock at th*^ sends f^e described oru^inaMv. 

ASK THE STUDENTS: 

What variations can be observed from one seed to 
another within that handful or population? More 
specifically, what properties vary? Which of these 
are measurable? What are some means of measur- 
ing variability? 

Measurable prop(*rties might be length, width, 
weight, thickness, etc Means of measurement 
would include the use of centimeter rulers, pan 
balances, and placement on grid paper for measur- 
ing length in units other than centimeters Addi- 
tionai means may be suggested; lisl them all on 
the board aloni^ with the identified measurable 
properties 

There may he si>'"^v ie ( ussion as to xvhether or 
not co!(ir is a truK v-jrat)le property. It can be, 
but ordinarily on!, very sophisticated equipment 
will do an adiqu.*?*- i^^*) However, d the students 
wish to devise a ^ nntmuous spectrun), assigning 
successive nur^iber*^ to adjacent colors, they will 
be able to estabhsh. at least one arbitrary means 
for quantifying color. 
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When the hsts of prooeities and measuring sys* 
terns are pKii ed on t ie board, have each child 
select a property and then devise a means of meas- 
uring it. using about 50 of his seeds. The larger 
the number of seeds measured, the closer the stu- 
dent will come to defining the limits of a single 
measurable variable within the population. 

Although It is suggested that each student select 
his own means of measuring, perhaps you could 
encourage the class to use a variety of methods. 
Some should weigh the beans, some use rulers, 
others might use the gnd paper (or anything else 
suggested). 




Discussion 

One of the first questions which might be raised 
is **Do the seeds vary (in the property measured) or 
are they the same?" Often the children do not per- 
ceive slight differences as being significant varia- 
tions. Ask: Since the seeds within each set measured 
are of the same species, should there be any reason 
for variation from one seed to another? (If the chil- 
dren do not know aboul ^'species," you might want 
to supplement this unit with Differences in Living 
Things another unit in this series.) If so, how could 
the students account for this variation? To answer 
this last question, one must consider both environ- 
mental and genetic factors. Encourage the children 
to speculate about the answer, listing possible sug- 
gestions on the board. Can any of the suggestions 
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be readily investigated? Some children will prob- 
ably want to plant the seeds to discover, for ex« 
ample, if small seeds develop into small plants, and 
large seeds into large plants. Encourage any sug- 
gestions they have for investigation. These may be 
undertaken as time permits, 

11. Distribution of Physical Characteristics 
of Seeds 

In this section the students will develop and use 
a histogram for recording and ordering quantitative 
data concerning variation. The histogram will show 
that measurements or counts are distributed around 
the average measurements or counts. 

The students will use the data collected in Part I, 
**Observing and Measuring Some Physical Charac- 
teristics of Seeds" for the construction of the histo- 
gram. When the graphs are completed, the students 
will compare their results. Through comparisons, 
they should be able to generalize about the distri- 
bution of variable inherited tr^as. 

The importance of this distribution is pointed out 
by comparing it with the distribution of tongue 
rolling within the population. Widely distributed 
variability in a trait provides much raw material for 
the process of natural selection. For example, the 
wide variety observed among cultivated roses is a 
result of the careful and purposeful selection of 
prelerred types from a varying natural population, 
if aM of the characteristics of a natural population 
of roses had been the same, no selection could 
have occurred. In contrast, tongue rolling is roughly 
analogous to coin flipping. One can or cannot roll 
the tongue; one gets either heads or tails when a 
coin is flipped. There is limited variety. As was seen 
in Section III of the first part of this unit only one 
set of genes controls tongue rolling, whereas among 
roses many genes act to produce variation. You 
should ask the students to give some thought to 
these ideas at the end of this unit 
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A, Histograms 

Distribute several sheets of grid paper to each 
stud^^nt. Have the students examine their seed 
measurements and think of some methods for or- 
^amzm^ them. They mu;ht order tiuMi) on the basis 
of increasing magnitude of the values. Ask ther^) if 
this r-nethod of organization makes the data any 
more r^neaningfuL What observations can now be 
r^K ie about these measurements? 

Some students will observe that measurements 
are not all identical yet there are many which are 
the same or at least close in value. Perhaps another 
observation might be that there are fevs^er small 
and large values than there are intermediate values. 
For example, in a measured sample of lima beans, 
three out of thrty-seven were seven units in length: 
two were ten unis while the remaining thirty-two 
ranged in val je from seven and one-half to nine 
and one-half units. 

Suggest that each student exami, e his data and 
report his findings. If a pattern occurs repeatedly 
throughout the class, what does this suggest about 
variability? 

It might be helpful at this point to develop the 
histograms. Presumably each student has ordered 
his data according to the increasing value of *he 
measurements. This order may now be transferred 
to the grid paper. Below is an example of one type 
of histogram representing the length of lima beans 
in terms of the arbitrary units by which they were 
measured. 
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The horizontal line is. in reality, a segment of a 
nu:r,ber Hne with \4 unit intervals. The x's repre- 
se.-'* the number of beans found for each length, 
Theie are other types of histograms or techniques 
for constructing them. Perhaps the children have 
mace them before but not in the same fashion. Use 
your own judgment in selecting the best technique 
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for your class. The result'^ will be essentially the 
same regardless of the met )0 i 

After each student comp etes his histogram, dis- 
play It for the rest of the cla s, 

ASK THE STUDENTS: 

Is there any similarity among the histograms? (If 
so, ask the class to describe that similarity,) Are 
graphs of the same kinds of seeds more alike than 
graphs of different kinds? How can you account for 
the hkenesses? 

Direct the students^ attention to the one thing all 
the graphs should have in common, the tendency 
for most of the measurements to be distributed 
about a central point. Ask them to examine their 
histograms and determine the location of the 
majority of their measurements. Ask if they are at 
either end or if they fall in the middle? Once they 
have determmed this answer, ask them to suggest 
reasons for their obscivations. Maybe they will say 
that most "things** are middle-si^ed rather than 
small or large. If this is the case, are they able to 
give additional examples to further qualify that 
generalization? 

ASK THE STUDENTS: 

How about people? Are most of them middle- 
sized? Are most of the students in the class middle- 
sized for their age? What are some o^her examples of 
the tendency to be middle-sized? 

if time permits, you might ask them to measure 
the length of their index fingers. Collect the meas- 
urements and construct a histogram on the board. 




The length of \mU^x fingers is also distributed 
normally about a nMUrjl pomt. There are many 
other examples of this type of distribution. See how 
many the children are able to suggest before you 
proceed further. 

Some final questions for the class to cons^de^ 
n p^hX be: Why are there measurable differences 
a -^long seeds which are members of the same popu- 
lation? How can the students account for the varia* 
tion? Of what importance is the variation? 

III. Variation and Diversity 

In this section, the students will examine the 
concept of variation more closely. They should ar- 
rive at some Cf nclusions as to the biological im- 
portance of variation and be reasonably able to 
account for biological diversity. This section begins 
with a game intended to reveal, throu^^h analogy, 
something of the process of natural selection. 




B, The Game 

P'ace the varieties of beans, peas, etc., into sep- 
ara;, sacks. Distribute the grid paper and write on 
the board the ranges previously found, in weight 
or length, for each seed variety. Ask the class to 
review these ranges and keep in mind some of the 
ideas discussed durmg Section 11, ^'Distribution of 
Physic * Characteristics of Seeds '' Explain that you 
are going to give then> the opportunity tc select one 
seed from each sack. Sut before selecting, they 
are going to predict somethirg about the physical 
properties of that seed, For example, if lima beans 
were originally measured on grid pnper for length, 
the students must predict how many grid units in 
length the selected seed might be. Or, if they were 
weighed, they must predict how many grams the 
selected seed would weigh, {Note: You may find 
that some of the seeds of the same variety were 
measured for more than one quality. In other words, 
one student may have measured length of l^ma 
beans while another student measured weight. You 
will probably want to put all o' the histogram data 
on the board and let the students choose the prop- 
erties they wish to predict) 

Once they understand how the game is played, 
they need only refer to the ranges for the particular 
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property measured and the units of measure em- 
ployed, in order to make a prediction. Have them 
write dowh iheir predictions first, taking all seed 
varieties into consideration. After they have done 
this, have each student take one seed out of each 
sack and ver^^y his prediction by measuring the seed. 
Record the n easurement next to the prediction and 
compare the result with the actual data recorded 
on the histograms. 

ASK THE STUDENTS: 

How accurate were predictions? On what data 
were they based? If there was an exceptional de- 
gree of accuracy between prediction and verifica- 
tion, how do you account for it? Were most of the 
seeds selected found to be "middle-sized**? if so, 
why should this be the case? 

You want them to be able to state with some cer- 
tainty that since most seeds are middle-sized, the 
chances of selecting a middle-sized seed is greater 
than that for selecting either small or large seeds. 
Have them arrive at this conclusion themselves 
through discussion. 

After tnis discussion, suggest they return the seeds 
to the proper bags. Then choose a student to do some 
additional selecting, in this case you will want the 
entire class to predict how many seeds must be se- 
lected in order to get one which falls at one or the 
other ejitreme of a range. It makes no difference 
which kind of seed is used here. Be certain that the 
student is making a random selection rather than 
searching for either a large or a small seed. 
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The rkiss should thsi ovor that a relatively large 
number of soodb nuist bo solocted before one of 
the extremes is found Not only are the extremes 
fewer m number, but the smallest tend to fail to the 
bottom of the sack. For this reason, it is a good 
idea to shake up the sack and have the student 
dig mto the s^eds rather than select from the top. 
You may try this with several students using 
different seeds. Ask if the same effect of the small 
ones settling to the bottom is observed for all 
seeds? If so. ask why this should be true. 

To illustrate the importance of variation, prepare 
two sacks of seeds, (If time permits, make up addi- 
tional sets ) Prepare one sack by selecting only 
medium-sized hma beans from a mixed population. 
The seeds should be so similar that differences are 
not at ail apparent The other sack shouU contain 
a mixed population of lima beans. Be certain the 
mixed population contains some very small beans 
and some very large ones. You need only use several 
handfuls for each sack, since the children will be 
asked to put them m order quickly. 

Choose two children to order the seeds from each 
sack. Have them keep the sets separate. The order- 
i»ig should be from the smallest to largest for each 
set The child working with the mixed population 
should have relatively little trouble, whereas the 
other child may complain that he cannot see differ- 
ences (All the beans are the same.) Further, he 
may say there is no variation, (This is the observa- 
tion you hope he makes.) When there is a lack of 
variety, no selection can take place. 

Return to the tongue rolling characteristic and 
ask what range in variety exists for that trait. 

ASK THE STUDENTS: 

Are there intermediate abilities in tongue roiiing? 
Can people be born with a partial ability? Were 
there any intermedidte abilities found when the 
survey was taken? If not, what can be ;;iredicted for 
the populations of the future? 

With respect to the lima beans, what kind of 
variation could one expect to find in future popula* 
tions if only intermediate-sized seeds were to be 
planted? 

Encourage the students to discuss ideas among 
themselves. The concluding story in the back of the 
book will hopefully provide them with more ^lues 
to the answer. 

A further illustration of the significance of variety 
is the selection practiced by pedigreed dog raisers. 
Ask if anyone in the class has a poodle. If so, ask 
what the size of the poodle is. Do poodles come in 
only one size? The children probably know there 
are standard sizes in the poodle family. The largest 



a»e called "standard/* the middle-sized ones are 
cailed '^miniatures," and the small^^st are called 
'*toyb/* There are very definite height qualifications 
for each variety. Toys are less than ten inches high, 
miniatures ten to fifteen inches, and standards, 
over fifteen inches. Ask the students how they 
think the three varieties were developed? Permit 
them to speculate about the answer 




The students should begin to realize that divei^ity 
among species is a result of variation within a 
species. Poodles do not qualify as a good example 
because they are of the same species. However, 
dogs, wolves, hyenas, bea/s, and racoons all had a 
common ancestor at some time in their historical 
development. Maybe from within the present-day 
population of dogs new species may evolve as 
selection is practiced over a period of time. The 
diversity seen among biological forms today is a 
result of the operation of many factors, primarily 
environmental ana genetic. Its roots are in varia- 
tions which once existed within ancient populations. 

In the back of the book is a story, "Johannson 
and the Bean Seeds." You might read it to the 
children as a concluding activity. 

Discuss what Johannson*s results might have 
been. You may also wish to have the students read 
related material in their texts. The bibliography con- 
tains a number of books which would be appro- 
priate to recommend for students interested in pur* 
suing the topics of the unit. 
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THE BACK OFTHE BOOK 
Johannseti and the Bean Seed^^ 



it has btvn .liniost seventy years now since ,i 
man named Mr Johannson planted his first bran 
seed. It happened m the lar ott country of Denmark, 

Mr Johann<.on was not a farm-^r, nor did the plant 
that grew from that first seed reach up through the 
clouds near tne home of a wicked giant, as hap- 
pened in Jvt'.k and the Beanstalk, t-o, the bean 
seed Simply grew into a norma! everyday bean 
plant, which, in time, developed seeds of its own, 
in fact, Uo planted many seeds, which prew into 
many normal everyday t)ean plants, and they, too. 
in time, deve oped ^ eds of their own. 




Mr, Johannson noted some interesting things 
when he examined the new seeds from the plants 
he had raised. The plarits which had grown from 
large seeds had produced larger seeds, and the 
plants which had grown from small seeds had pro- 
duced smaller seeds, Mr, Johannson suspected at 
first that this might be just a coincidence* so he 
began a careful expeiiment. By weighing each '.eed 
which came from his new plants, he grouped them 
into piles of small, medium, and large. Then he 
planted these three groups of seeds and anxiously 
awaited the results. In time, the plants grew* flow- 
ered, and finally produced seeds. Mr. Johannson 
eagerly picked the seeds and began weighing them, 

O 18 

ERLC 




At first he was overjoyed at the results. The seeds 
from the large seed plants were larger than ever; 
the ones from the small seed plants were smaller 
than ever; and those from the middle-sized seeds 
were middle-sized. His happiness soon began to 
fade and doubt started to enter his mind; he was 
again questioning his results. Did he pick the small 
beans too soon? Did he not give enough water to 
the small seeds? Could he have made these or 
other mistakes? 

The only v^ay to prove his theory for sure was to 
grow this latest crop of seeds, and to compare the 
weights of the seeds which the new plants pro- 
duced. Mr. Johannson began the whole process 
anew. He weighed seeds and planted them accord- 
ing to weight— large in one place, small in another, 
and middle-sized in a third. Again the long weeks of 
waiting. He was very careful, this time, about the 
amount of water and sunlight which the plants re- 
ceived. He wanted everything to be the same for 
each group. At last the day came when the beans 
were ready to be picked. This time he was sure he 
had waited long enough. The beans were placed on 
the scale and weighed, Mr. Johannson recorded the 
results , , . but that was nearly 70 years ago and 
thousands of miles away. His results were lost in 
time and space. 

What do you think he found? 
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TONGUE ROLLING SURVEY— INDIVIDUAL 

Class — — 

Room Number . 

Can you roll your tongue? 

yes 

no 



TONGUE ROLLING SURVEY— CLASS SUMMARY 

Class ^ — — 

Room Number < 

Number of students 

Number of students who can roll their tongues , m , ■ 
Number of students who canl roll their tongues ____ 
Number absent < < . 



o 
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THE ENVIRONMENTAL UNITS 



Below IS a list of th»» twenty-tour titles in the Environmental Discovery 
Series. Next to the titles, we have suggested the grades for which each is most 
appropriate We emphasize that these are suggested grade levels. The teacher 
is encouraged to adapt the activities to a wide range of grade levels and 
subject areas dependmg upon the interests and abilities of the students. 



Ordif 

No. 




Grade 
I evel 


Priic 


Order 
No. 


Title 


Grade 
Level 


Price 




Plants in thv Cb^sTOom 


3-t> 




7^123 


C>enetK \anatJon 


*t ^ 






Vaiant I ot Studies 


5vO 


1.50 


7^132 


Soil 




1.50 




I)stft^reni**s in 1 ivinj^ Things 


4 8 


1,00 


7<>141 


Tile Patterns and Graphs 


12 


1.00 




Shadows 


18 


i.OO 


70150 


Plant Pu7?ies 


l-t^ 


1.50 




Wind 




1.50 


70it»o 


Brine Shrimp and Their Hahitat 


15 


1.50 




Snow and Kt* 


^^ 


1.50 


701 78 


Nature s Part in Art 


3 t> 


1.50 




Man\ Habitat- The City 




1.50 




Contour Mappinii; 




1.50 


7O0?0 


fish and Wai^r Tomp^ratur«* 


4.0 


1.50 


701 87 


Change in a Small fcc^sysiem 




1.50 


7«^0P>^ 


l)aiis, Aiorns. Climatt^ and Squirrels 




1.50 




1 ranseil Stijdivs 


3.0 


1.50 


7^105 


Nature Hunt Sf ix, Fd. 


K 1 


LOO 


7O203 


Stream Profiles 


4.0 


1.00 


70(«$ 


Satnplin}^ Button Populations 




LOO 


7<>221 


Color and Change 


K 2 


l.OC 


7^114 


The Kise and fall of a Veast Commimity 




i.OO 


7*^230 


Outdoor fun lor Students 


3 12 


1.50 



If you would like a free brochure describing activities in the individual units, write: 

The National Wildlife Federation 
Edu ::ationai Servicing 
1412 16th Street, N.W. 
Washington, D. C 20036 
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